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S U M M A R Y  
An i n v e s t i g a t i o n  was made i n  t h e  Langley  V/STOL t u n n e l  t o  d e t e r m i n e ,  by 
t h e  t r a i l i n g  wing s e n s o r  t e c h n i q u e ,  t h e  e f f e c t i v e n e s s  of  v a r i o u s  segments  o f  
t h e  e x i s t i n g  f l i g h t  s p o i l e r s  on a n  ex tended- range  wide-body t r i - j e t  t r a n s -  
p o r t  a i r p l a n e  model when t h e y  were d e f l e c t e d  a s  trailing-vortex-alleviation 
d e v i c e s .  On t h e  t r a n s p o r t  model w i t h  t h e  approach  f l a p  c o n f i g u r a t i o n ,  t h e  
f o u r  c o m b i n a t i o n s  o f  f l i g h t - s p o i l e r  segments  i n v e s t i g a t e d  were e f f e c t i v e  i n  
reducine;  t h e  induced  r o l l i n g  moment on t h e  t r a i l i n g  wing model by a s  much a s  
25 t o  45 p e r c e n t  a t  downstream d i s t a n c e s  behind  t h e  t r a n s p o r t  model of 9 .2  
and 18.4 t r a n s p o r t  wing s p a n s ,  On t h e  t r a n s p o r t  a i r p l a n e  model w i t h  t h e  
l a n d i n g  f l a p  c o n f i g u r a t i o n ,  t h e  f o u r ' c o m b i n a t i o n s  o f  f l i g h t - s p o i l e r  segments  
i n v e s t i g a t e d  were e f f e c t i v e  i n  r e d u c i n g  t h e  induced  r o l i i n g  moment on t h e  
t r a i l i n g  wing model by a s  much as 35 t o  60 p e r c e n t  a t  d i s t a n c e s  beh ind  t h e  
t r a n s p o r t  model o f  from 3.7 t o  18 .4  t r a n s p o r t  wing s p a n s ,  18.4 s p a n s  b e i n g  
t h e  dcwnstream l i m i t  of  d i s t a n c e s  used  i n  t h i s  i n v e s t i g a t i o n .  
I N T R O D U C T I O N  
The s t r o n g  v o r t e x  wakes g e n e r a t e d  by l a r g e  t r a n s p o r t  a i r p l a n e s  are a 
p o t e n t i a l  haza rd  t o  s m a l l e r  a i r c r a f t .  The  N a t i o n a l  A e r o n a u t i c s  and Space  
A d m i n i s t r a t i o n  i s  i n v o l v e d  i n  a program of a o d e l  t e s t s ,  f l i g h t  t es t s ,  and 
t h e o r e t i c a l  s t u d i e s  t o  d e t e r m i n e  t h e  f e a s i b i l i t y  of  r e d u c i n g  t h i s  h a z a r d  by 
aerodynamic means.  
R e s u l t s  of r e c e n t  i n v e s t i g a t i o n s  have  i n d i c a t e d  t h a t  t h e  t r a i l i n g  vo r -  
t e x  behind  an  unswept-wing model ( r e f .  1 )  o r  a swept-wing t r a n s p o r t  model 
( r e f .  2 )  c a n  be a t t e n u a t e d  by a forward-mounted s p o i l e r .  It was a l s o  d e t e r -  
mined by model tests ( r e f .  3 )  and v e r i f i e d  i n  f u l l - s c a l e  f l i g h t  t e s t s  
( r e f .  4) t h a t  t h e r e  are s e v e r a l  c o m b i n a t i o n s  o f  t h e  e x i s t i n g  f l i g h t - s p o i l e r  
segments  on t h e  jumbo- je t  a i r p l a n e  t h a t  a r e  e f f e c t i v e  as t r a i l i n g - v o r t e x -  
a l l e v i a t i o n  d e v i c e s .  The approach  used i n  r e f e r e n c e s  1 ,  2 ,  and 3 t o  e v a l u a t e  
t h e  e f f e c t i v e n e s s  of v o r t e x - a l l e v i a t i o n  d e v i c e s  was t o  s i n u l a t e  a n  a i r p l a n e  
f l y i n g  i n  t h e  t r a i l i n g  v o r t e x  o f  a n o t h e r  l a rge r  a i r p l a n e  and t o  make d i r e c t  
measurements  of r o l l i n g  moments induced  on t h e  t r a i l i n g  model by t h e  v o r t e x  
. . ~~~ 
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g e n e r a t e d  by t h e  forward model. The t e c h n i q u e  used  i n  t h e  f u l l - s c a l e  f l i g h t  
tests was t o  p e n e t r a t e  t h e  t r a i l i n g  v o r t e x  wake beh ind  a Boeing 747 a i r p l a n e  
w i t h  a Cessna T-37 a i r p l a n e  and t o  e v a l u a t e  t h e  roll a t t i t u d e  and r o l l  rate 
of t h e  Cessna T-37 a i r p l a n e  as a n  i n d e x  t o  t h e  s e v e r i t y  of  t h e  t r a i l i n g -  
v o r t e x  e n c o u n t e r .  
The pu rpose  of t he  p r e s e n t  i n v e s t i g a t i o n  was t o  d e t e r m i n e  t h e  t r a i l i n g -  
v o r t e x - a l l e v i a t i o n  e f f e c t i v e n e s s  o f  v a r i o u s  segmen t s  o f  t h e  e x i s t i n g  f l i g h t  
s p o i l e r  on an ex tended- range  wide-body t r i - j e t  t r a n s p o r t  a i r p l a n e  model .  
The d i r ec t -measu remen t  t e c h n i q u e  d e s c r i b e d  i n  r e f e r e n c e s  1 ,  2 ,  and 3 was used  
w i t h  t h e  t r a i l i n g  wing model from 3.7 t o  18 .4  t r a n s p o r t  wing s p a n s  beh ind  t h e  
t r a n s p o r t  model.  ( F o r  t h e  f u l l - s c a l e  t r a n s p o r t  a i r p l a n e ,  t h i s  would r e p r e -  
s e n t  a r a n g e  of downstream d i s t a n c e  from 0 . 1  t o  0 .5  n a u t i c a l  m i l e . )  
SYMBOLS 
A l l  d a t a  are r e f e r e n c e d  t o  t h e  wind a x e s .  The pitching-moment c o e f f i -  
c i e n t s  are r e f e r e n c e d  t o  t h e  q u a r t e r - c h o r d  o f  t h e  wing mean aerodynamic 
c h o r d .  
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l o n g i t u d i n a l ,  l a t e r a l ,  and v e r t i c a l  d i m e n s i o n s  measured from t r a i l -  
i n g  edge  o f  l e f t  wing t i p  of t r a n s p o r t  a i r p l a n e  model ,  m 
i n c r e m e n t a l  d i m e n s i o n s  a l o n g  Y'- and 2 ' - a x e s ,  m 
a n g l e  of a t t a c k  o f  f u s e l a g e  r e f e r e n c e  l i n e ,  d e g  (wing r o o t  i n c i -  
dence is  3' r e l a t i v e  t o  f u s e l a g e  r e f e r e n c e  l i n e )  
d e f l e c t i o n ,  d e g  
l o c a l  s t r e a m l i n e  a n p l e  i n  t u n n e l  d i f f u s e r  r e l a t i v e  t o  t u n n e l  c e n t e r  
l i n e ,  d e g  
S u b s c r i p t s  : 
f l a p  t r a n s p o r t  a i r p l a n e  model f l a p  
max maximum 
s l a t  t r a n s p o r t  a i r p l a n e  model s l a t  
s p o i l e r  t r a n s p o r t  a i r p l a n e  model s p o i l e r  
Tw t r a i l i n g  wing model 
W t r a n s p o r t  a i r p l a n e  model 
MODEL AND APPARATUS 
A t h r e e - v i e w  s k e t c h  and p r i n c i p a l  g e o m e t r i c  c h a r a c t e r i s t i c s  o f  t h e  0.047- 
sca le  model o f  a n  e x t e n d e d - r a n g e  wide-body commercial t r i - je t  t r a n s p o r t  a i r -  
p l a n e  (McDonnell Douglas  DC-10-30) a r e  shown i n  f i g u r e  1 .  S k e t c h e s  o f  t h e  
l a n d i n g  and approach  f l a p  c o n f i e u r a t i o n s  are shown i n  f i g u r e s  2 and 3,  r e s p e c -  
t i v e l y .  F i g u r e  4 is  a pho tograph  o f  t h e  t r a n s p o r t  model mounted i n  t h e  
Langley V/STOL t u n n e l .  F i g u r e  5 is a s k e t c h  showing t h e  l o c a t i o n  o f  t h e  
f l i g h t  s p o i l e r s  on t h e  t r a n s p o r t  model .  P h o t o g r a p h s  o f  t h e  f o u r  c o m b i n a t i o n s  
o f  f l i g h t - s p o i l e r  s egmen t s  i n v e s t i g a t e d  are p r e s e n t e d  i n  f i g u r e  6 .  S p o i l e r  
segments  1 and 2 ( f i g .  6 ( a ) )  and 3 and 4 ( f i g .  6 ( c ) )  were d e f l e c t e d  as  u n i t s  
by i n t e r n a l  e l ec t r i ca l  m o t o r s .  No p r o v i s i o n  was made i n  t h e  model t o  d e f l e c t  
t h e  segments  s e p a r a t e l y ;  t h e r e f o r e ,  s p o i l e r  s egmen t s  2 and 3 ( f i g .  6 ( b ) )  and 
1 and 4 ( f i g .  6 ( d ) )  were s i m u l a t e d  w i t h  wedges.  
The t es t  s e c t i o n  o f  t h e  Langley V/STOL t u n n e l  h a s  a h e i g h t  o f  4.42 m ,  a 
wid th  o f  6 .63  m ,  and a l e n g t h  o f  14.24 m .  The t r a n s p o r t  model was s t r u t  sup-  
p o r t e d  on a s ix-component  s t r a i n - g a g e  b a l a n c e  s y s t e m  which measured t h e  
f o r c e s  and moments. The a n g l e  of  a t t a c k  was d e t e r m i n e d  from a n  accelerometer 
mounted i n  t h e  f u s e l a g e .  
A pho tograph  and d i m e n s i o n s  of  t h e  unswept t r a i l i n g  wing model i n s t a l l e d  
on a t r a v e r s e  mechanism are p r e s e n t e d  i n  f i g u r e  7 .  The t r a i l i n g  model h a s  a 
s p a n  and a s p e c t  r a t i o  t y p i c a l  of small-size t r a n s p o r t  a i r p l a n e s .  It w a s  
3 
mounted on a s ingle-component  s t r a i n - g a g e  roll b a l a n c e ,  which was at tached t o  
t h e  t r a v e r s e  mechanism capable o f  moving t h e  model b o t h  l a t e r a l l y  and v e r t i -  
c a l l y .  (See f i g .  7 . )  The l a t e r a l  and v e r t i c a l  p o s i t i o n s  o f  t h e  t r a i l i n g  
model were measured by o u t p u t s  from d i g i t a l  e n c o d e r s .  T h i s  e n t i r e  t r a v e r s e  
mechanism cou ld  be mounted t o  t h e  t u n n e l  f l o o r  a t  v a r i o u s  t u n n e l  l o n g i t u d i n a l  
p o s i t i o n s  downstream o f  t h e  t r a n s p o r t  a i r p l a n e  model .  
TESTS A N D  CORRECTIONS 
T r a n s p o r t  A i r p l a n e  Model 
A l l  tests were made a t  a free-stream dynamic p r e s s u r e  ( i n  t h e  t u n n e l  
test  s e c t i o n )  o f  430.9 Pa which c o r r e s p o n d s  t o  a v e l o c i t y  o f  27.4 m/sec. The 
Reynolds number f o r  these t e s t s  was a p p r o x i m a t e l y  6 .4  x I O 5  based on t h e  wing 
mean aerodynamic c h o r d .  No t r a n s i t i o n  g r i t  was a p p l i e d  t o  t h e  t r a n s p o r t  
a i r p l a n e  model .  The basic  l o n g i t u d i n a l  aerodynamic  c h a r a c t e r i s t i c s  were 
o b t a i n e d  th rough  an  a n g l e - o f - a t t a c k  r a n g e  o f  a p p r o x i m a t e l y  -4' t o  22'. 
t e s t s  were made w i t h  t h e  leading-ed.qe d e v i c e s  e x t e n d e d .  The l a n d i n g  g e a r  
was retracted f o r  t h e  approach  f l a p  c o n f i g u r a t i o n  and was ex tended  f o r  t h e  
l a n d i n g  f l a p  c o n f i g u r a t i o n .  
All 
Blockage c o r r e c t i o n s  were a p p l i e d  t o  t h e  data by t h e  method o f  refer-  
ence  5 .  Je t -boundary  c o r r e c t i o n s  t o  t h e  a n g l e  o f  a t t a c k  and t h e  drag were 
a p p l i e d  i n  acco rdance  w i t h  r e f e r e n c e  6 .  No c o r r e c t i o n s  were a p p l i e d  t o  t h e  
data f o r  any p o s s i b l e  s t r u t  i n t e r f e r e n c e  e f f ec t s .  
T r a i l i n g  Wing Model 
The t r a i l i n g  wing model and i t s  a s s o c i a t e d  r o l l - b a l a n c e  sys tem were used 
as a s e n s o r  t o  measure t h e  induced  r o l l i n g  noment caused by t h e  v o r t e x  f l o w  
downstream o f  t h e  t r a n s p o r t  a i r p l a n e  model .  No t r a n s i t i o n  g r i t  was a p p l i e d  
t o  t h e  t r a i l i n g  model .  The t r a i l i n g  model was p o s i t i o n e d  a t  a g i v e n  d i s t a n c e  
downstream o f  t h e  t r a n s p o r t  model on t h e  t r a v e r s e  mechanism which was p o s i -  
t i o n e d  l a t e r a l l y  and v e r t i c a l l y  so  t h a t  t h e  t r a i l i n g  v o r t e x  was n e a r  t h e  
c e n t e r  o f  t h e  mechanism. The t r a i l i n g  v o r t e x  was probed w i t h  t h e  t r a i l i n g  
model .  A l a r g e  number o f  t r a i l i n g  wing ro l l ing-moment  da t a  p o i n t s  ( u s u a l l y  
from 50 t o  100) were o b t a i n e d  from t h e  l a t e r a l  t r a v e r s e s  a t  s e v e r a l  v e r t i c a l  
l o c a t i o n s  t o  i n s u r e  good d e f i n i t i o n  o f  t h e  v o r t e x  wake. I n  a d d i t i o n ,  c e r t a i n  
tes t  c o n d i t i o n s  were repeated a t  selected i n t e r v a l s  d u r i n g  the  t e s t  p e r i o d  
and t h e  da ta  were found t o  be repea tab le .  
T r a i l i n g  wing rol l ing-moment  measurements  were made a t  downstream s c a l e  
d i s t a n c e s  from abou t  3 .7  t o  18 .4  t r a n s p o r t  wing s p a n s  behind  t h e  t r a n s p o r t  
a i r p l a n e  model .  A l l  t r a i l i n g  wing rol l ing-moment  da ta  a t  d i s t a n c e s  down- 
stream greater t h a n  abou t  3 . 7  s p a n s  were o b t a i n e d  w i t h  t h e  t r a i l i n g  model 
p o s i t i o n e d  i n  t h e  d i f f u s e r  s e c t i o n  o f  t h e  V/STOL t u n n e l .  These data were 
reduced  t o  c o e f f i c i e n t  form based on t h e  dynamic pressure a t  t h e  t r a i l i n g  
wing l o c a t i o n .  For these tes ts ,  t h e  dynamic p r e s s u r e s  a t  t h e  3 .69 ,  9 .19 ,  and 
18.39 span l o c a t i o n s  were 430.9,  253 .1 ,  and 85.5 P a ,  r e s p e c t i v e l y .  The t r a i l -  
ing wing l o c a t i o n  r e l a t i v e  t o  t he  wing t i p  o f  t h e  t r a n s p o r t  model has  been 
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c o r r e c t e d  t o  a c c o u n t  f o r  t h e  p r o g r e s s i v e l y  larger  t u n n e l  c r o s s - s e c t i o n a l  area 
in t h e  d i f f u s e r  s e c t i o n .  The c o r r e c t i o n s  t o  t h e  t r a i l i n g  wing l o c a t i o n  i n  
the d i f f u s e r  were made by  assuming t h a t  t h e  l o c a l  s t r e a m l i n e  a n g l e s  i n  t h e  
t u n n e l  d i f f u s e r  s e c t i o n  are e q u a l  t o  t h e  r a t i o  o f  t h e  d i s t a n c e  from t h e  tun -  
n e l  c e n t e r  l i n e  t o  t h e  l o c a l  t u n n e l  h a l f - w i d t h  o r  h a l f - h e i g h t  m u l t i p l i e d  by  
t h e  d i f f u s e r  h a l f - a n g l e .  C o r r e c t i o n s  t o  t h e  t r a i l i n g  model l o c a t i o n s  are as 
f o l l o w s :  Ay' c o r r e c t i o n  o r  Az' c o r r e c t i o n  1 t a n  I$ where Ay' correc- 
t i o n  and Az' c o r r e c t i o n  a re ,  r e s p e c t i v e l y ,  t h e  c o r r e c t i o n s  t o  t h e  measured 
l a t e ra l  and v e r t i c a l  l o c a t i o n s  o f  t h e  t r a i l i n g  model r e l a t i v e  t o  t h e  l e f t  
wing t i p  o f  t h e  t r a n s p o r t  a i r p l a n e  model ,  I is  t h e  l o n g i t u d i n a l  d i s t a n c e  
i n  t h e  t u n n e l  d i f f u s e r ,  and 4 is t h e  l o c a l  s t r e a m l i n e  a n g l e  i n  t h e  t u n n e l  
d i f f u s e r  r e l a t i v e  t o  t h e  t u n n e l  c e n t e r  l i n e .  
RESULTS AND DISCUSSION 
T r a n s p o r t  A i r p l a n e  Model 
The l o n g i t u d i n a l  aerodynamic  c h a r a c t e r i s t i c s  o f  t h e  t r a n s p o r t  a i r p l a n e  
model w i t h  t h e  d o u b l e - s l o t t e d  f l a p s  and l ead ing -edge  s l a t s  i n  t h e  l a n d i n g  
c o n f i g u r a t i o n  (see f i g .  2 )  and i n  t h e  approach  c o n f i g u r a t i o n  (see f i g .  3 )  
are p r e s e n t e d  i n  f i g u r e s  8 and 9 ,  r e s p e c t i v e l y .  These da ta  were o b t a i n e d  w i t h  
t h e  h o r i z o n t a l  t a i l  o f f  and o v e r  a r a n g e  o f  h o r i z o n t a l - t a i l  i n c i d e n c e  s u f f i -  
c i e n t  t o  t r i m  t h e  model t h r o u g h o u t  t h e  r a n g e  o f  l i f t  c o e f f i c i e n t .  These data 
i n d i c a t e  t h a t  t h e  t r a n s p o r t  model wit-h e i t h e r  f l a p  c o n f i g w a t i o n  was s t a t i -  
c a l l y  s t a b l e  up t o  t h e  s t a l l .  
w i t h  e i t h e r  f l a p  c o n f i g u r a t i o n  was a b o u t  -0 .24.  
The s t a t i c  m a r g i n ,  a C m / a C L ,  f o r  t h e  model 
The l o n g i t u d i n a l  aerodynamic  c h a r a c t e r i s t i c s  o f  t h e  t r a n s p o r t  model w i t h  
f l i g h t - s p o i l e r  s egmen t s  1 and 2 ,  2 and 3 ,  3 and 4 ,  and 1 and 4 d e f l e c t e d  sym- 
m e t r i c a l l y  t h r o u g h  a s p o i l e r  d e f l e c t i o n  r a n g e  of  from 0' t o  60° are p r e s e n t e d  
i n  f i g u r e s  I O ,  1 1 ,  1 2 ,  and 1 3 ,  r e s p e c t i v e l y ,  f o r  t h e  l a n d i n g  f l a p  c o n f i g u r a -  
t i o n  and i n  f i g u r e s  14 ,  1 5 ,  1 6 ,  and 17 ,  r e s p e c t i v e l y ,  f o r  t h e  approach  f l a p  
c o n f i g u r a t i o n .  Fo r  any  one  o f  these  c o n f i g u r a t i o n s ,  there  i s  e s s e n t i a l l y  a 
l i n e a r  i n c r e a s e  i n  drag w i t h  s p o i l e r  d e f l e c t i o n .  For  t h e  l a n d i n g  f l a p  con-  
f i g u r a t i o n ,  ab'out 50 p e r c e n t  o f  t h e  l i f t  l o s s  a t  a g i v e n  a n g l e  o f  a t t a c k  
o c c u r r e d  a t  a s p o i l e r  d e f l e c t i o n  o f  o n l y  15'; whereas f o r  t h e  approach  f l a p  
c o n f i g u r a t i o n ,  a b o u t  50 p e r c e n t  of t h e  l i f t  l o s s  a t  a g i v e n  a n g l e  o f  a t t a c k  
o c c u r r e d  a t  a s p o i l e r  d e f l e c t i o n  o f  a b o u t  30'. For b o t h  f l a p  c o n f i g u r a t i o n s ,  
t h e  v a r i a t i o n  o f  pi tching-moment  c o e f f i c i e n t  w i t h  a n g l e  of  a t t a c k  was more 
l i n e a r  when t h e  s p o i l e r s  were d e f l e c t e d  t h a n  when t h e y  were r e t r a c t e d .  
The l o n g i t u d i n a l  aerodynamic  c h a r a c t e r i s t i c s  o f  t h e  t r a n s p o r t  a i r p l a n e  
model w i t h  t h e  f o u r  c o m b i n a t i o n s  o f  t h e  f l i g h t - s p o i l e r  segments  ( 1  and 2 ,  2 
and 3 ,  3 and 4 ,  and 1 and 4 )  on e a c h  wing d e f l e c t e d  s y m m e t r i c a l l y  45' are 
p r e s e n t e d  i n  f i g u r e s  18 and 19 f o r  t h e  l a n d i n g  f l a p  c o n f i g u r a t i o n  a n d ' t h e  
approach  f l a p  c o n f i g u r a t i o n ,  r e s p e c t i v e l y .  These d a t a  i n d i c a t e  t h a t  a nomi- 
n a l  l i f t  c o e f f i c i e n t  f o r  approach  o f  a b o u t  1 .2  can  b e  m a i n t a i n e d  w i t h  a n  
a n g l e - o f - a t t a c k  i n c r e a s e  o f  a b o u t  3.5' f o r  t h e  l a n d i n g  f l a p  c o n f i g u r a t i o n  
and o f  abou t  2' f o r  t h e  approach  f l a p  c o n f i g u r a t i o n  when any  combina t ion  o f  
f l i g h t  s p o i l e r s  i n v e s t i g a t e d  was d e f l e c t e d  45'. 
f i g u r e s  18 and 19 t h a t  t h e  niaximum i n c r e a s e  i n  drag due t o  s p o i l e r  ( a t  
It can  a l s o  b e  s e e n  i n  
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C L  = 1 .2 )  f o r  any  o f  t h e  s p o i l e r  combina t ions  i s  o f  t h e  o r d e r  o f  0..04, and 
t h a t  t h e  maximum l i f t  c o e f f i c i e n t  was reduced  due  t o  s p o i l e r  by as much 
as 0.23 for t h e  l a n d i n g  f l a p  c o n f i g u r a t i o n  and by a s  much as 0.06 f o r  t h e  
approach  f l a p  c o n f i g u r a t i o n .  These r e s u l t s  a l s o  i n d i c a t e  t h a t  t h e  s t a t i c  
margin 
l a n d i n g  f l a p  c o n f i g u r a t i o n  and by as much as 0.05 f o r  t h e  approach  f l a p  
c o n f i g u r a t i o n .  
a C m / a C L  was reduced  due t o  s p o i l e r  by as  much as 0.04 f o r  t h e  
T r a i l i n g  Wing Model 
F l i g h t - s p o i l e r  segments  1 and 2 ,  and 3 and 4 and f l i g h t - s p o i l e r  seg-  
ments  2 and 3 ,  and 1 and 4 s i m u l a t e d  w i t h  wedges were t e s t e d  on t h e  t r a n s p o r t  
a i r p l a n e  model w i t h  t h e  approach  f l a p  c o n f i g u r a t i o n  and w i t h  t h e  l a n d i n g  f l a p  
c o n f i g u r a t i o n  o v e r  a s p o i l e r  d e f l e c t i o n  r a n g e  from 0' t o  60' wi th  t h e  t r a i l -  
ing wing model p o s i t i o n e d  3 .7 ,  9 . 2 ,  and 18 .4  t r a n s p o r t  wing s p a n s  behind  t h e  
t r a n s p o r t  model .  The maximum ro l l ing-moment  c o e f f i c i e n t  measured by t h e  
t r a i l i n g  wing  model and t h e  p o s i t i o n  o f  t h i s  model r e l a t i v e  t o  t h e  l e f t  wing 
t i p  o f  t h e  t r a n s p o r t  a i r p l a n e  model are p r e s e n t e d  as  a f u n c t i o n  o f  f l i g h t -  
s p o i l e r  d e f l e c t i o n  i n  f i gu re  20 f o r  t h e  approach  f l a p  c o n f i g u r a t i o n  and i n  
f igures  21 and 22 f o r  t h e  l a n d i n g  f l a p  c o n f i g u r a t i o n .  
The t r a i l i n g  wing rol l ing-moment  d a t a  o b t a i n e d  a t  3.7 s p a n s  downstream 
of t h e  approach  f l a p  c o n f i g u r a t i o n  ( f i g .  20(a.) ) i n d i c a t e  t h a t  t h e  t r a i l i n g -  
v o r t e x  system may n o t  b e  f u l l y  deve loped  s i n c e  t h e  s p o i l e r - r e t r a c t e d  d a t a  
seem t o  be q u i t e  low and t h e  f l i g h t  s p o i l e r s  were n o t  e f f e c t i v e .  A t  a l l  
o t h e r  .downstream d i s t a n c e s  i n v e s t i g a t e d  behind  t h e  approach  f l a p  c o n f i g u r a -  
t i o n  ( f i g s .  2 0 ( b )  and 2 0 ( c ) )  and a t  . a l l  downstream d i s t a n c e s  i n v e s t i g a t e d  
behind t h e  l a n d i n g  f l a p  c o n f i g u r a t i o n  ( f i g s .  21 and 221 ,  all t h e  s p o i l e r  com- 
b i n a t i o n s  i n v e s t i g a t e d  were e f f e c t i v e .  These d a t a  ( f i g s .  2 0 ( b ) ,  2 0 ( c ) ,  21 ,  
and 22 )  show t h a t  g e n e r a l l y  t h e  induced r o l l i n g  moment on t h e  t r a i l i n g  model 
dec reased  wi th  i n c r e a s e  i n  b o t h  downstream d i s t a n c e  and s p o i l e r  d e f l e c t i o n .  
F i g u r e  22 shows resu l t s  o b t a i n e d  wi th  t h e  a c t u a l  f l i g h t - s p o i l e r  s eg -  
ments 1 and 2 ,  and 3 and 4 and w i t h  f l i g h t - s p o i l e r  segments  1 and 2 ,  and 3 
and 4 s i m u l a t e d  w i t h  wedges.  These d a t a  i n d i c a t e  t h a t  t h e  e f f e c t i v e n e s s  o f  
s p o i l e r  segments  s i m u l a t e d  w i t h  wedges i s  s l i g h t l y  less t h a n  t h a t  o b t a i n e d  
wi th  t h e  actual  f l i g h t  s p o i l e r s .  T h e r e f o r e ,  t h e  r e s u l t s  o b t a i n e d  w i t h  f l i g h t -  
s p o i l e r  segments  2 and 3 ,  and 1 and 4 s i m u l a t e d  w i t h  wedges may be  
c o n s e r v a t i v e .  
The maximum ro l l ing-moment  c o e f f i c i e n t  measured by t h e  t r a i l i n g  wing 
model and t h e  p o s i t i o n  o f  t h i s  model r e l a t i v e  t o  t h e  l e f t  wing t i p  o f  t h e  
t r a n s p o r t  model are p r e s e n t e d  as a f u n c t i o n  o f  downs t r ean  d i s t a n c e  i n  f i g -  
ure 23 f o r  t h e  approach  f l a p  C o n f i g u r a t i o n  and t h e  l a n d i n g  f l a p  c o n f i g u r a -  
t i o n .  For any  s p o i l e r  c o n f i g u r a t i o n  t e s t e d ,  most o f  t h e  r e d u c t i o n  i n  induced  
r o l l i n g  moment on t h e  t r a i l i n g  model was r e a l i z e d  w i t h  abou t  115' of s p o i l e r  
d e f l e c t i o n  ( f i g s .  20 t o  2 2 ) .  For t h i s  r e a s o n ,  t h e s e  measurements  ( f i g .  23)  
were made wi th  t h e  f l i g h t  s p o i l e r s  r e t r a c t e d  and w i t h  v a r i o u s  segments  o f  t h e  
f l i g h t  s p o i l e r s  d e f l e c t e d  45'. 
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It c a n  be s e e n  i n  f i g u r e  2 3  t h a t  a l l  c o m b i n a t i o n s  o f  f l i g h t  s p o i l e r s  
i n v e s t i g a t e d  were e f f e c t i v e  i n  r e d u c i n g  t h e  induced  r o l l i n g  moment on t h e  
t r a i l i n g  model f o r  t h e  a p p r o a c h  f l a p  c o n f i g u r a t i o n  a t  downstream d i s t a n c e s  
o f  9 .19 and 18.39 s p a n s  and fo r  t h e  l a n d i n g  f l a p  c o n f i g u r a t i o n  a t  a l l  down- 
stream d i s t a n c e s  i n v e s t i g a t e d .  The la rges t  r e d u c t i o n  i n  induced  r o l l i n g  
moment f o r  t h e  a p p r o a c h  f l a p  c o n f i g u r a t i o n  was r e a l i z e d  w i t h  s p o i l e r  seg- 
) m  x ments 2 and 3 ( r e d u c t i o n s  i n  (C whereas  t h e  l a r g e s t  r e d u c t i o n  fo; ’F!e Banding f l a p  c o n f i g u r a t i o n  was r e a l i z e d  
w i t h  s p o i l e r  s egmen t s  3 and 4 ( r e d u c t i o n s  i n  
60 p e r c e n t ) .  
t i o n ,  a l a r g e  r e d u c t i o n  i n  
r e l a t i v e l y  n e a r  d i s t a n c e  ( a b o u t  ’ t r a n s p o r t  wing s p a n s )  downstream o f  t h e  
t r a n s p o r t  a i r p l a n e  model ( f i g .  23 (  b ) )  . For the  a p p r o a c h  f l a p  c o n f i g u r a t i o n  
( f i g .  2 3 ( a ) ) ,  r e d u c t i o n s  i n  
model was l o c a t e d  f a r t h e r  t h a n  wing s p a n s  downstream o f  t h e  t r a n s p o r t  
model.  A t  t h e  downstream l o c a t i o n  o f  3 . 2  wing s p a n s ,  r e d u c t i o n s  i n  
(‘1 ,TW)max 
The a t t e n u a t e d  v a l u e s  o f  ( C ,  TW)max o b t a i n e d  w i t h  f l i g h t - s p o i l e r  seg-  
ments  3 and 4 on t h e  p r e s e n t  ex tended- range  t r i - j e t  t r a n s p o r t  a i r p l a n e  model 
i n  t h e  l a n d i n g  f l a p  c o n f i g u r a t i o n  ( f i g .  2 3 ( b )  ) are  comparab le  w i t h  t h e  a t t e n -  
u a t e d  v a l u e s  o f  
r e f .  3 )  o f ’ t h e  jumboLJet t r a n s p o r t  a i r p l a n e  model i n  i t s  l a n d i n g  f l a p  c o n f i g -  
u r a t i o n .  F l i g h t  s p o i l e r s  were shown t o  be e f f e c t i v e  i n  a t t e n u a t i n g  t h e  t r a i l -  
i n g  v o r t e x  i n  f u l l - s c a l e  f l i g h t  tests o f  t h e  jumbo-jet  t r a n s p o r t  a i r p l a n e  
( r e f .  4 ) ;  t h e r e f o r e ,  i t  a p p e a r s  t h a t  t h e  f l i g h t  s p o i l e r s  on t h e  p r e s e n t  
ex tended- range  t r i - je t  t r a n s p o r t  a i r p l a n e  would a l s o  b e  e f f e c t i v e  i n  a t t e n u -  
a t i n g  t h e  t r a i l i n g  v o r t e x  beh ind  t h i s  a i r p l a n e .  
o f  t h e  o r d e r  o f  40 p e r c e n t ) ,  
(c, TW) ax o f  t h e  o r d e r  o f  
It  is  i n t e r e s t i n g  t o  n o t e  t h a t  f o r  t h e  Tanding f l a p  c o n f i g u r a -  
(35 t o  50 p e r c e n t )  was r e a l i z e d  i n  a ( C l  .Ew)max 
(‘4, TW)max were n o t  r e a l i z e d  u n t i l  t h e  t r a i l i n g  
o f  t h e  o r d e r  of  25 t o  45 p e r c e n t  were r e a l i z e d  ( f i g .  2 3 ( a ) ) .  
o b t a i n e d  i n  p r e v i o u s  wind- tunne l  t e s t s  (see (‘1 TW)max 
SUMMARY OF RESULTS 
R e s u l t s  have been p r e s e n t e d  o f  an  i n v e s t i g a t i o n  i n  t h e  Langley V/STOL 
t u n n e l  t o  d e t e r m i n e ,  by t h e  t r a i l i n g  wing s e n s o r  t e c h n i q u e ,  t h e  t r a i l i n g -  
v o r t e x - a l l e v i a t i o n  e f f e c t i v e n e s s  o f  v a r i o u s  segmen t s  o f  t h e  f l i g h t  s p o i l e r s  
on an ex tended- range  t r i - j e t  t r a n s p o r t  a i r p l a n e  model when the  segmen t s  a r e  
def lec ted  as t r a i l i n g - v o r t e x - a l l e v i a t i o n  d e v i c e s .  
On t h e  t r a n s p o r t  a i r p l a n e  model w i t h  t h e  l a n d i n g  f l a p  c o n f i g u r a t i o n ,  t h e  
f o u r  c o m b i n a t i o n s  o f  f l i g h t - s p o i l e r  s egmen t s  i n v e s t i g a t e d  were a l l  e f f e c t i v e  
i n  r e d u c i n g  t h e  induced  r o l l i n g  moment on t h e  t r a i l i n g  wing model by as  much 
as 35 t o  60 p e r c e n t  t h r o u g h o u t  t h e  r a n g e  o f  downstream d i s t a n c e  used i n  t h i s  
i n v e s t i g a t i o n .  The l a r g e s t  r e d u c t i o n  was r e a l i z e d  w i t h  t h e  two i n n e r m o s t  
s p o i l e r  s egmen t s  i n v e s t i g a t e d  ( s e g m e n t s  3 and 4 ) .  
On t h e  t r a n s p o r t  a i r p l a n e  model w i t h  t h e  a p p r o a c h  f l a p  c o n f i g u r a t i o n ,  
t h e  f o u r  c o m b i n a t i o n s  o f  f l i g h t - s p o i l e r  s egmen t s  i n v e s t i g a t e d  were a l l  effec- 
t i v e  i n  r e d u c i n g  t h e  induced  r o l l i n g  moment o n  t h e  t r a i l i n g  wing model b y  a s  
much as 25 t o  45 p e r c e n t  a t  downstream d i s t a n c e s  o f  9 . 2  and 18 .4  t r a n s p o r t  
7 
I 
wing s p a n s .  The largest  r e d u c t i o n  was r e a l i z e d  w i t h  t h e  m i d d l e  two s p o i l e r  
segments  i n v e s t i g a t e d  ( segmen t s  2 and 3 ) .  
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F i g u r e  1 . -  Three-view ske tch  o f  t r a n s p o r t  model w i t h  
- 
. ---I 2.442-. - .- . 
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Figure  2.- Sketch o f  s p o i l e r  and h i g h - l i f t  dev ices  f o r  landing  c o n f i g u r a t i o n .  
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F i g u r e  3.- S k e t c h  of  s p o i l e r  and h i g h - l i f t  d e v i c e s  f o r  approach  c o n f i g u r a t i o n .  
F i g u r e  4 . -  Pho tograph  o f  t e s t  s e t u p  i n  Lang ley  V/STOL t u n n e l .  T r a n s p o r t  a i r p l a n e  model 
i n  l a n d i n g  f l a p  c o n f i g u r a t i o n .  
F i g u r e  5,- S k e t c h  o f  f l i g h t  s p o i l e r s  on t r a n s p o r t  a i r p l a n e  mode l .  

( b )  Spoiler segments 2 
L - ' / b - j l  1 b 
and 3 deflected 45'. Segments simulated with wedges. 
Figure 6. - Continued. 
( c )  S p o i l e r  s egmen t s  3 and 4 def l ec t ed  45'. 
F i g u r e  6 .  - Cont inued .  
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F i g u r e  7 . -  Photograph  and d imens ions  o f  unswept t r a i l i n g  wing model on t r a - v e r s e  mechanism. 
Model h a s  NACA 0012 a i r f o i l  s e c t i o n .  
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( a )  L i f t  and drag c o e f f i c i e n t s .  
F i g u r e  8.- Effect of h o r i z o n t a l - t a i l  i n c i d e n c e  on l o n g i t u d i n a l  aerodynamic  
character is t ics  o f  t r a n s p o r t  a i r p l a n e  model .  Landing f l a p  c o n f i g u r a t i o n ;  
l a n d i n g  g e a r  down. 
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F i g u r e  8. - Concluded .  
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F i g u r e  9.- Effect o f  h o r i z o n t a l - t a i l  i n c i d e n c e  on l o n g i t u d i n a l  aerodynamic 
characterist ics o f  t r a n s p o r t  a i r p l a n e  model .  Approach f l a p  c o n f i g u r a t i o n ;  
l a n d i n g  gear up. 
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and 2 F i g u r e  10.- E f f e c t  o f  d e f l e c t i o n  a n g l e  o f  f l i g h t - s p o i l e r  segments  1 
on l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  o f  t r a n s p o r t  a i r p l a n e  model.  
it = O o ;  l a n d i n g  f l a p  c o n f i g u r a t i o n ;  l a n d i n g  g e a r  down. 
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F i g u r e  IO. - Concluded.  
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F i g u r e  11.-  Effect o f  d e f l e c t i o n  a n g l e  o f  f l i g h t - s p o i l e r  segments  2 and 3 
on l o n g i t u d i n a l  aerodynamic characterist ics o f  t r a n s p o r t  a i r p l a n e  model .  
it = 0'; l a n d i n g  f l a p  c o n f i g u r a t i o n ;  l a n d i n g  gear down; s p o i l e r  segment  
s i m u l a t e d  w i t h  wedges. 
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F igu re  11 .- Concluded. 
27 
0 .2 .4 I 
0 
-0 
I 
L i f t  
Deflection of 
Spoiler Segments T I T  
0" 0" 0" 0" 
0" 
0" 
0" 
0" 
- 
1.0 
cL 
and drag 
I .4 
c o e f f i c i e n t s ,  
1.6 I .8 0 
F i g u r e  12.- Ef fec t  o f  d e f l e c t i o n  a n g l e  o f  f l i g h t - s p o i l e r  segments  3 and 4 
on l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  o f  t r a n s p o r t  a i r p l a n e  model ,  
it = 0'; l a n d i n g  f l a p  c o n f i g u r a t i o n ;  l a n d i n g  gear down. 
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F igu re  12.- Concluded. 
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F i g u r e  13.- Effect o f  d e f l e c t i o n  a n g l e  o f  f l i g h t - s p o i l e r - s e g m e n t s  1 and 4 
on l o n g i t u d i n a l  aerodynamic character is t ics  o f  t r a n s p o r t  a i r p l a n e  model .  
it = oo; l a n d i n g  f l a p  c o n f i g u r a t i o n ;  l a n d i n g  gear down; s p o i l e r  segments  
s i m u l a t e d  w i t h  wedges. 
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F i g u r e  13. - Concluded .  
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F i g u r e  14 . -  Effect  o f  d e f l e c t i o n  a n g l e  o f  f l i g h t - s p o i l e r  segments  1 and 2 
on l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  o f  t r a n s p o r t  a i r p l a n e  model .  
i t  0'; approach  f l a p  c o n f i g u r a t i o n ;  l a n d i n g  gear up. 
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F i g u r e  14 .  - Concluded .  
33 
.5 
.4 
.3 
c g  .2 
.I 
0 
25 
20 
15 
a,deg IO 
5 
0 
-5 
0 
1 
1 
! 
I 
j 
I 
i 
1 
I 
1 
I 
1 
! 1 
i 
i 
I 
i 
1 
i 
T 
I 
t 
t 
t 
i 
j 
I 
I 
I 
I 
i 
i 
I 
! 1 
I 
I 
I 
1 
3 
.6 
0 
A 
h 
0 
(Deflectionfl 1 
Spoiler Segments 
.a 1.0 
__ 
4 
0" 
0" 
0" 
0" 
__ 
I 
7 
I ij I
1 
I /  t r
I 
1 
i 
I 
i 
i L 
1.6 
( a )  L i f t  and d r a g  c o e f f i c i e n t s .  
F i g u r e  15.- Effect o f  d e f l e c t i o n  a n g l e  o f  f l i g h t - s p o i l e r  segments  2 and 3 
on l o n g i t u d i n a l  aerodynamic  c h a r a c t e r i s t i c s  o f  t r a n s p o r t  a i r p l a n e  model .  
it 0'; approach  f l a p  c o n f i g u r a t i o n ;  l a n d i n g  gear up;  s p o i l e r  segments  
s i m u l a t e d  w i t h  wedges.  
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F i g u r e  15. - Concluded. 
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aerodynamic c h a r a c t e r i s t i c s  of  t r a n s p o r t  a i r p l a n e  model .  - 
it  = 0'; approach  f l a p  c o n f i g u r a t i o n ;  l a n d i n g  gear up .  
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F i g u r e  17.- Effect of d e f l e c t i o n  a n g l e  of f l i g h t - s p o i l e r  segments  1 and 4 
on l o n g i t u d i n a l  aerodynamic  c h a r a c t e r i s t i c s  o f  t r a n s p o r t  a i r p l a n e  model .  
it = 0'; a p p r o a c h  f l a p  c o n f i g u r a t i o n ;  l a n d i n g  gear up; s p o i l e r  s egmen t s  
s i m u l a t e d  w i t h  wedges. 
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F i g u r e  18.- Effect o f  f l i g h t - s p o i l e r  segments  1 and 2 ,  2 and 3,  3 and 4 ,  and 
1 and 4 d e f l e c t e d  4 5 O  on l o n g i t u d i n a l  aerodynamic  c h a r a c t e r i s t i c s  o f  
t r a n s p o r t  a i r p l a n e  model .  
gear down; f l i g h t - s p o i l e r  segment  c o m b i n a t i o n s  o f  2 and 3,  and 1 and 4 
s i m u l a t e d  w i t h  wedges.  
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F i g u r e  18 .- Concluded .  
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F i g u r e  19.- Effect o f  f l i g h t - s p o i l e r  segments  1 and 2 ,  2 and 3,  3 and 4, and 
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p o r t  a i r p l a n e  model .  
up; f l i g h t - s p o i l e r  segment  combina t ions  o f  2 and 3,  and 1 and 4 s i m u l a t e d  
wi th  wedges. 
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F i g u r e  20.- V a r i a t i o n  o f  t r a i l i n g  wing l o c a t i o n  and rol l ing-moment  c o e f f i -  
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wi th  wedges. 
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Spoilersegments1md2 
0 Spoiler segments 2 cmd 3 
A Spoiler segments 3 and 4 
b Spoiler segments 1 and 4 
30 35 40 45 
Flight-spoiler deflection, deg 
( b )  T r a i l i n g  wing model l o c a t e d  9 . 2  t r a n s p o r t  wing s p a n s  beh ind  
t r a n s p o r t  a i r p l a n e  model .  
F i g u r e  20. - Cont inued .  
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nightspoiler deflection, deg 
( c >  T r a i l i n g  wing model l o c a t e d  18 .4  t r a n s p o r t  wing s p a n s  
beh ind  t r a n s p o r t  a i r p l a n e  model .  
F i g u r e  20. - Concluded .  
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b Spoiler segments 1 and 4 
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( a )  T r a i l i n g  wing model l o c a t e d  3.7 t r a n s p o r t  wing s p a n s  behind  
t r a n s p o r t  a i r p l a n e  model .  
F i g u r e  21.- V a r i a t i o n  o f  t r a i l i n g  wing l o c a t i o n  and rol l ing-moment  c o e f f i -  
c i e n t  w i t h  f l i g h t - s p o i l e r  d e f l e c t i o n  f o r  v a r i o u s  segments  of  f l i g h t  
s p o . i l e r s .  
f l i g h t - s p o i l e f i  segment c o m b i n a t i o n s  o f  2 and 3 ,  and 1 and 4 s i m u l a t e d  
with wedges. 
CL trim = 1.2; l a n d i n g  f l a p  c o n f i g u r a t i o n ;  l a n d i n g  gear down; 
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b Spoilersegmentsld4 
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Flight-spoiler deflectih d q  
( b )  T r a i l i n g  wing model l o c a t e d  9 . 2  t r a n s p o r t  wing s p a n s  behind  
t r a n s p o r t  a i r p l a n e  model .  
F i g u r e  21 . - Cont inued .  
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Flight-spoiler deflection, deg 
( c >  T r a i l i n g  wing model l o c a t e d  18 .4  t r a n s p o r t  wing s p a n s  beh ind  
t r a n s p o r t  a i r p l a n e  model .  
F i g u r e  21 .- Concluded .  
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0 SpoilerSegmentsld2 
A Spoiler segments 3 and 4 
F i g u r e  22.- Ef fec t  o f  s i m u l a t i n g  f l i g h t - s p o i l e r  s egmen t s  w i t h  wedges on v a r i -  
a t i o n  o f  t r a i l i n g  wing l o c a t i o n  and ro l l ing-moment  c o e f f i c i e n t  w i t h  f l i g h t -  
s p o i l e r  d e f l e c t i o n  f o r  v a r i o u s  segments  o f  t h e  f l i g h t  s p o i l e r s .  
wing model l o c a t e d  9 .2  t r a n s p o r t  wing s p a n s  beh ind  t r a n s p o r t  a i r p l a n e  
m d e l ;  CL rim - 1.2;  l a n d i n g  f l a p  c o n f i g u r a t i o n ;  l a n d i n g  gear down. 
S o l i d  symb6ts  i n d i c a t e  f l i g h t  s p o i l e r  s i m u l a t e d  w i t h  wedges.  
T r a i l i n g  
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( a >  Approach f l a p  c o n f i g u r a t i o n ;  l a n d i n g  gear up. 
F i g u r e  2 3 . - . V a r i a t i o n  of t r a i l i n g  wing l o c a t i o n  and ro l l ing-moment  c o e f f i -  
c i e n t  w i t h  downstream d i s t a n c e  beh ind  t r a n s p o r t  a i r p l a n e  model 
g i v e n  i n  t r a n s p o r t  wing s p a n s )  w i t h  v a r i o u s  segmen t s  of  f l i g h t  s p o i l e r s  
d e f l e c t e d  45'. C trim = 1 . 2 ;  f l i g h t - s p o i l e r  segment  c o m b i n a t i o n s  of 2 
and 3 ,  and 1 and b ' s i m u l a t e d  w i t h  wedges. 
( d i s t a n c e  
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( b )  Landing f l a p  c o n f i g u r a t i o n ;  l a n d i n g  gear down. 
F i g u r e  23. - Concluded.  
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